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[0001] Prior Art 



[0002] The invention is based on a fuel injection valve for internal combustion engines of 
the kind that is known from WO 96/19661. A fuel injection valve of this kind contains a 
valve needle that can slide in the longitudinal direction in a bore; the combustion chamber 
end of the bore is provided with a conical valve seat. The valve needle is guided in a section 
oriented away from the combustion chamber and, between the wall of the bore and the 
section of the valve needle oriented toward the combustion chamber, a pressure chamber is 
formed, which can be filled with highly pressurized fuel. The pressure chamber here extends 
to the valve seat, which is conical and contains at least one injection opening. At the end 
oriented toward the valve seat, the valve needle has an essentially conical valve sealing 
surface so that when the valve sealing surface is lifted away from the valve seat, fuel can 
flow from the pressure chamber, between the valve seat and the valve sealing surface, and to 
the injection openings. The valve needle is acted upon by a closing force that presses the 
valve sealing surface against the valve seat and, in the absence of other forces, prevents fuel 
from being injected through the injection openings. 



[0003] The valve sealing surface has a first conical region whose opening angle is smaller 
than the opening angle of the conical valve seat. Downstream of the first conical surface in 
the flow direction of the fuel, the valve sealing surface has another conical surface whose 
opening angle is greater than the opening angle of the valve seat. Between the two conical 
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surfaces of the valve sealing surface, an annular groove is formed, which extends in a radial 
plane of the valve needle and borders on both conical surfaces. 

[0004] In order to inject fuel into the combustion chamber of the internal combustion engine, 
highly pressurized fuel is conveyed into the pressure chamber of the injection valve. As a 
result, a valve needle pressure surface and part of the valve sealing surface are subjected to a 
hydraulic force that acts in opposition to the closing force. If the closing force is reduced, 
then the hydraulic forces move the valve needle away from the valve seat so that fuel can 
flow into the injection openings. The hydraulic pressure generated by the fuel pressure in the 
pressure chamber acts on the entire cross section of the valve needle when it is open. In 
order to overcome this force, the closing force must be correspondingly high since modern 
fuel injection systems require short closing times of the fuel injection valve in order to permit 
rapid sequences of precisely metered injections. As soon as the valve needle comes back into 
contact with the valve seat, this eliminates the hydraulic pressure on part of the valve sealing 
surface so that there is then a powerful excess of closing force in relation to the hydraulic 
force on the valve needle. This means that the valve needle is pressed against the valve seat 
with a large amount of force, which leads to increased wear at this point over time and can 
significantly reduce the service life of the fuel injection valve. Particularly in the newest fuel 
injection systems that operate with pressures of up to 200 MPa, the materials are being 
pushed to the limits of their load capacities. 
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[0005] Advantages of the Invention 



[0006] The fuel injection valve according to the invention, with the characterizing features 
of claim 1, has the advantage over the prior art of reducing the wear on the valve seat. To 
this end, a hydraulic force is exerted on part of the valve sealing surface in the closed 
position of the valve needle, thus reducing the overall force on the valve needle in its closing 
direction. An annular groove between the first and second conical surface hydraulically 
connects the valve needle to the pressure chamber so that this annular groove always contains 
the same fuel pressure as the pressure chamber. When the valve needle is closed, this 
connection increases the hydraulically effective surface area on the valve needle and thus 
generates an increased force in opposition to the closing force so that the surface pressure in 
the region of the valve seat is reduced while simultaneously retaining favorable sealing 
properties. 

[0007] In an advantageous embodiment of the subject of the invention, the annular groove is 
connected to the pressure chamber by at least one connecting bore extending inside the valve 
needle. Connecting bores of this kind can be produced in the valve needle by a number of 
different methods, preferably before the hardening of the valve needle. Another advantage is 
that the remaining external form of the valve needle and its mechanical stability remained 
practically unchanged. Embodying the connecting bores as cross bores is advantageous for 
the drilling process because this increases the angle of the cross bore in relation to the 
surfaces onto which it opens. Furthermore, the diameter of the cross bore can be enlarged up 
to the width of the annular groove. 
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[0008] In another advantageous embodiment, the annular groove is hydraulically connected 
to the pressure chamber by means of at least one recess provided in the first conical surface. 
Recesses of this kind can be let into the valve needle from the outside in a simple fashion, 
even after the hardening process. 

[0009] In another advantageous embodiment, the seat angle difference between the second 
conical surface and the valve seat is less than the seat angle difference between the first 
conical surface and the valve seat. This design achieves an optimized distribution of the 
surface pressure on the valve seat and therefore reduces wear. 

[0010] In another advantageous embodiment, during the closing motion of the valve needle, 
the sealing edge embodied at the transition from the annular groove to the second conical 
surface is the first part to come into contact with the valve seat. This sharp delimitation of 
the second conical surface and therefore of the hydraulically effective seat diameter on the 
valve needle when open achieves a precisely defined opening characteristic, thus permitting a 
precisely metered injection of fuel into the combustion chamber of the engine. 

[0011] Drawings 

[0012] The drawings show different exemplary embodiments of the fuel injection valve 
according to the invention. 

[0013] Fig. 1 shows a longitudinal section through the essential part of a fuel injection valve, 
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[0014] Fig. 2 shows an enlargement of Fig. 1 in the region of the valve seat; the valve needle 
is shown in the position in which it is just beginning to touch the valve seat, 

[0015] Fig. 3 shows the same detail as Fig. 2 in the closed position of the valve needle, 

[0016] Fig. 4 shows the same detail as Fig. 2 of another exemplary embodiment 

[0017] Fig. 5 shows the same detail as Fig. 2 of another exemplary embodiment, and 

[0018] Fig. 6 shows a cross section through the fuel injection valve shown in Fig. 5, along 
the line VI -VI. 

[0019] Description of the Exemplary Embodiments 

[0020] Fig. 1 shows a longitudinal section through a fuel injection valve according to the 
invention. A valve body 1 contains a bore 3 whose end oriented toward the combustion 
chamber is closed by a conical valve seat 11. The valve seat 1 1 is adjoined at the 
downstream end by a blind bore 21 that has injection openings 9 extending from it, which 
connect the blind bore to the combustion chamber of the engine. The bore contains a 
longitudinally sliding piston-shaped valve needle 5, whose guide region 105 is guided in a 
sealed fashion in a guide section 103 of the bore 3. Starting from the end of guide region 105 
of the valve needle 5 oriented toward the valve seat 1 1, the valve needle 5 tapers, forming a 
pressure shoulder 13, and transitions into a shaft 205 that has a smaller diameter than the 
guide region 105. The combustion chamber end of the valve needle 5 that directly adjoins 
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the shaft 205 is comprised of an essentially conical valve sealing surface 7, which cooperates 
with the valve seat 1 1 and whose precise form and function will be explained further below. 
Between the shaft 205 and the wall of the bore 3, a pressure chamber 19 is provided, in the 
form of an annular conduit that widens out radially at the level of the pressure shoulder 13. 
The pressure chamber 19 can be filled with highly pressurized fuel via a supply conduit 25 
extending in the valve body 1; the supply conduit 25 feeds into the radially widened region of 
the pressure chamber 19. 

[0021] At its end oriented away from the combustion chamber, the valve needle 5 is 
subjected to a closing force that is generated by a device not shown in the drawing. Known 
devices for this include those that generate the closing force with the aid of spring elements 
as well as devices that generate the closing force hydraulically. This closing force presses 
the valve sealing surface 7 of the valve needle 5 against the valve seat 1 1 so that the pressure 
chamber 19 is shut off from the injection openings 9, which are contained in the valve seat 1 1 
and connect the valve seat 1 1 to the combustion chamber of the engine. A high fuel pressure, 
which can be between 100 and 200 MPa depending on the system used, prevails in the 
pressure chamber 19 continuously or only when an injection of fuel is to take place, 
depending on the injection system. In order to move the valve needle 5, either the pressure in 
the pressure chamber 19 is increased or the closing force on the valve needle 5 is decreased. 
In each case, it is necessary for the hydraulic forces acting on the pressure shoulder 13 and on 
part of the valve sealing surface 7 to be greater than the closing force acting on the valve 
needle 5. If this is the case, then the valve needle 5 moves away from the valve seat 1 1 so 
that fuel from the pressure chamber 19 can flow between the valve sealing surface 7 and the 
valve seat 1 1 to the injection openings 9. Increasing the closing force or interrupting the fuel 
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supply into the pressure chamber 19 reverses the force ratios acting on the valve needle 5 
again so that the valve needle 5 travels back toward its closed position until its valve sealing 
surface 7 comes into contact with the valve seat 11. 

[0022] Fig. 2 is an enlargement of Fig. 1 in the region of the detail labeled n, i.e. in the 
region of the valve seat 11. The valve sealing surface 7 of the valve needle 5 has a first 
conical surface 30 that directly adjoins the shaft 205. The first conical surface 30 here has an 
opening angle that is smaller than the opening angle of the conical valve seat 1 1 so that a 
difference angle d { is formed between the first conical surface 30 and the valve seat 11. 
Downstream in the fuel flow toward the injection openings 9, the first conical surface 30 is 
adjoined by an annular groove 35, which encompasses the entire circumference of the valve 
needle 5 and extends in a radial plane of the longitudinal axis 15 of the valve needle 5. The 
annular groove 35 is adjoined on the downstream side by a second conical surface 32, which 
also constitutes the end of the valve needle 5. The opening angle of the second conical 
surface 32 is greater than the opening angle of the valve seat 1 1 so that a difference angle d 2 
is formed between these two surfaces. The two conical surfaces 30, 32 and the annular 
groove 35 are disposed on the valve sealing surface 7 so that the circular intersecting line 
between the imaginary extension of the first conical surface 30 and that of the second conical 
surface 32 is at the level of the annular groove 35. Since the annular groove 35 is let into the 
valve sealing surface 7 at the end of the production process of the valve needle 5, it is 
therefore assured that the upper edge 37 of the annular groove 35, which constitutes the limit 
line of the first conical surface 30, and the sealing edge 38, which constitutes the limit line of 
the second conical surface 32, extend precisely in a radial plane of the longitudinal axis 15. 
At least two connecting bores 40 extending in the valve needle 5 connect the annular groove 
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35 to the pressure chamber 19. The connecting bores 40 here are preferably disposed 
distributed uniformly over the circumference of the valve needle 5. This consequently 
assures that independent of the position of the valve needle 5 in relation to the valve seat 11, 
the annular groove 35 contains the same fuel pressure as the pressure chamber 19 on an at 
least essentially continuous basis. 

[0023] The opening angles of the first conical surface 30, the second conical surface 32, the 
valve seat 11, and the annular groove 35 allow the end of the valve needle 5 oriented toward 
the combustion chamber to be embodied in such a way that during the closing motion of the 
valve needle 5, the sealing edge 38 comes into contact with the valve seat 1 1 first and the 
downstream defining edge of the annular groove 35 does so only with continuation of the 
closing movement. Fig. 2 shows the valve needle 5 in precisely this position, i.e. at the 
moment in which the sealing edge 38 comes into contact with the valve seat 1 1. Without an 
elastic deformation of the valve needle 5 and the valve seat 1 1, the valve needle 5 would 
remain in this position. But since a powerful closing force acts on the valve needle 5, both 
the valve seat 1 1 and the valve sealing surface 7 of the valve needle 5 are deformed. The 
form and position of the valve needle 5 resulting from this are shown in Fig. 3. In the region 
of the sealing edge 38, a surface contact is produced between the valve needle 5 and the valve 
seat 1 1 as well as a high surface pressure on the valve sealing surface 7 so that in any case, a 
seal is produced in the region of the sealing edge 38. Due to the deformation in the region of 
the sealing edge 38 and the hammering of the valve needle 5 into the valve seat 11, after 
long-term operation in the engine, the upper edge 37 of the annular groove 35 also comes 
into contact with the valve seat 11. This increases the total surface area of the valve needle 5 
resting against the valve seat 1 1 and thus reduces the surface pressure in the region of the 
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sealing edge 38 since it is no longer receiving the full brunt of the closing force on the valve 
seat 11. 

[0024] Fig. 4 shows another exemplary embodiment of the fuel injection valve according to 
the invention; the same detail has been selected as in Fig. 2. Instead of the connecting bores 
40, at least two connecting grooves 42 are provided in the first conical surface 30 and assure 
that the annular groove 35 remains hydraulically connected to the pressure chamber 19. The 
connecting grooves 42 here are preferably disposed distributed uniformly over the 
circumference of the valve needle 5 and have a depth of a few tenths of a millimeter. 

[0025] Fig. 5 shows another exemplary embodiment in which the annular groove 35, as in 
the exemplary embodiments shown in Figs. 2 and 3, is connected to the pressure chamber by 
means of a connecting bore, but the connecting bore here is embodied as a cross bore 44. 
The cross bore 44 extends from the annular groove 35 and leads crosswise through the valve 
needle 5 to the shaft 205. A cross bore 44 of this kind is easier to produce than a connecting 
bore 40 of the kind shown in Fig. 2 because in this case, there is a greater angle in relation to 
the surface of the valve needle 5 at both ends of the cross bore 44. Fig. 6 shows a cross 
section through the injection valve shown in Fig. 5, along the line VI - VI. The annular 
groove 35 is connected to the pressure chamber via several cross bores 44, these cross bores 
44 extending parallel to each other, as shown in this projection of the plane indicated by the 
line VI - VI in Fig. 5. In this instance, though, the cross bores 40 are aligned so that the end 
of the cross bore 44 emerging from the shaft 205 is disposed as far toward the opposite side 
as possible from the end in the annular groove 35 without causing the cross bores 44 to 
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intersect. The cross bore 44 here can have a diameter that corresponds to the width of the 
annular groove 35 or can also have a smaller diameter. 

[0026] Modern fuel injection systems of the kind particularly used in autoignition internal 
combustion engines and in high-speed motors must currently conform to very high 
requirements with regard to efficiency and pollutant emissions. On the one hand, this 
requires injections to be carried out at a very high pressure, which can be up to 200 MPa in 
modern fuel injection systems. On the other hand, very short switching times of the valve 
needle 5 are required in order to permit rapid sequences of injections, particularly in order to 
produce a preinjection and secondary injection within a single injection cycle. A typical fuel 
injection valve for passenger vehicles that operates at a pressure of 150 MPa, for example, 
has a needle diameter in the guide region 105 of approximately 4 mm. When the valve 
needle 5 is lifted away from the valve seat 1 1, a force of approximately 1900 N is 
consequently exerted on the open valve needle 5. Particularly in systems that operate with a 
continuous high pressure in the pressure chamber 19, this force must be compensated for by a 
closing force that is considerably higher than 1900 N in order to permit a rapid closing of the 
valve needle 5. As soon as the valve sealing surface 7 of the valve needle 5 rests against the 
valve seat 11, the region of the valve sealing surface 7 disposed downstream of the sealing 
edge 38 is no longer subjected to the fuel pressure in the pressure chamber 19. This 
eliminates part of the hydraulic opening force on the valve needle 5 that counteracts the 
closing force so that the valve needle 5 is now pressed against the valve seat 1 1 with a very 
powerful force. Considered over the entire service life of the fuel injection valve, this high 
closing force and the corresponding high surface pressure on the valve seat lead to an 
increased wear and therefore to a premature failure of the fuel injection valve. In order to 
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increase the hydraulic force counteracting the closing force, it would be possible to shift the 
sealing edge 38 further downstream, thus enlarging the partial surface of the valve sealing 
surface 7 acted on by the pressure in the pressure chamber 19, essentially the first conical 
surface 30 in the exemplary embodiment depicted. On the other hand, the closing force must 
have a certain minimum value so that the valve needle 5 remains closed in any case, even 
when there is a correspondingly high pressure in the combustion chamber between the 
individual injections. The fuel injection valve according to the invention solves this problem 
in that an additional annular groove in the valve sealing surface 7 is subjected to pressure in 
the pressure chamber 19, thus reducing the resulting force on the valve needle 5. At the same 
time, the contact of the valve needle 5 both at the sealing edge 38 and also in the region of 
the upper edge 37 keeps the surface pressure in the region of the sealing edge 38 low enough 
to avoid reaching the load capacity limit of the material. 



11 



